Background/Objectives: An association between biomarkers of trans fat intake and greater risk of preeclampsia has been reported, but research in this area is scant. Thus, we examined the association of second trimester intake of trans fats with risk of preeclampsia and severe preeclampsia. Subjects/Methods: We followed 67 186 pregnancies of women participating in the Danish National Birth Cohort between 1998 and 2003. Diet was assessed with a food frequency questionnaire at gestation week 25, and preeclampsia diagnosis was obtained by linkage with the Danish National Patient Registry. Results: There were 1804 cases of preeclampsia and 402 cases of severe preeclampsia identified in the cohort. Intake of trans fats decreased during the study period as a consequence of a reduction in industrial trans fat intake. Second trimester intake of trans fats was unrelated to risk of preeclampsia or severe preeclampsia. The relative risk (95% confidence interval; P, trend) of preeclampsia and severe preeclampsia comparing top to bottom quintiles of trans fat intake were 0.95(0.81; 1.11, 0.33) and 1.07 (0.78; 1.48, 0.92), respectively. Conclusion: Second trimester intake of trans fats is unrelated to risk of preeclampsia within the intake range observed in a period of gradual reduction of industrial trans fats from the Danish food supply.
Introduction
Preeclampsia is responsible for approximately 50 000 maternal deaths per year worldwide (Duley, 2009) . It can also result in substantial complications and morbidity in the mother and her offspring (Duley, 2009; Kuklina et al., 2009) . Despite its impact, relatively little is known about how modifiable factors might influence the risk of developing this condition.
It has been hypothesized that factors influencing endothelial function, inflammatory response and insulin resistance might be associated with preeclampsia (Roberts et al., 2003) . Trans fatty acids are known to negatively affect these three pathways. These fats have been associated with higher circulating levels of markers of chronic inflammation and endothelial dysfunction in observational studies (Mozaffarian et al., 2004; Lopez-Garcia et al., 2005) . Trans fats also increased insulin resistance (Riserus et al., 2002; Lefevre et al., 2005) and circulating levels of inflammatory markers (Baer et al., 2004) in randomized trials. In addition, trans fatty acid levels in erythrocytes have been related to a higher risk of preeclampsia (Williams et al., 1998; Mahomed et al., 2007) .
Concern regarding the cardiovascular effects of trans fat intake (Mozaffarian et al., 2009 ) has lead to numerous efforts to reduce the amount of industrially produced trans fats in the food supply (L'Abbe et al., 2009) . In Denmark, massive media coverage of studies relating trans fat to adverse health outcomes, public response to this coverage and subsequent industry and government reaction, led to the near elimination of industrial trans fats from the Danish food supply between 1994 and 2004. During this same period, the Danish National Birth Cohort (DNBC), a study aimed at identifying risk factors for pregnancy complications and diseases in the offspring, was established. This allowed us to examine whether trans fats, at intake levels observed during the process of reducing industrial trans fats from the food supply, are associated to risk of preeclampsia.
Subjects and methods

Study population
The DNBC enrolled 91 827 women, collectively accruing 101 042 pregnancies between January 1996 and October 2002, accounting for approximately 36% of all pregnancies in Denmark during this period. Study procedures have been described in detail elsewhere (Olsen et al., 2001 . Briefly, enrollment was performed by general practitioners throughout the country at the first prenatal visit, usually in gestational week 6-12. Enrolled participants completed computer-assisted telephone interviews at study entry, gestational week 30, and at 6 and 18 months post delivery. In addition, women were mailed a Food Frequency Questionnaire (FFQ) in gestation week 25. All women gave written consent to participating in the study. The DNBC was approved by the Danish Committee of Ethics and the Danish Data Protection Agency.
The FFQ was piloted in 1996 and 1997 and its final version was introduced in 1998. There were 70 183 pregnancies with dietary data collected on or after 1998 of which 67 527 were singleton pregnancies. We restricted the study to singleton pregnancies and further excluded 341 pregnancies, because the estimated total energy intake was unrealistic (defined as o4200 or 416 700 kJ/day). After these exclusions, the study population consisted of 67 186 pregnancies accrued among 63 226 women; 59 314 women contributed one pregnancy, 3864 women contributed two pregnancies and 48 women contributed three pregnancies to the study. There were no appreciable differences in the frequency of preeclampsia or the distribution of major risk factors for preeclampsia between women included in this analysis and those excluded from it.
Assessment of diet
Dietary information was obtained from an FFQ mailed to participants at gestation week 25. More than 90% of women completed the questionnaire within 1 week of mailing. The FFQ included 360 food items and additional questions about dietary supplements. Women were asked to report how often they had consumed each of the foods and beverages included in the FFQ during the past 4 weeks. Questions had 7 to 11 options for frequency of intake, ranging from never to eight or more times per day. Nutrient intakes were estimated by summing the nutrient contribution of all food items in the questionnaire, taking into consideration the brand and type of fats used for cooking, as dressings or as a spread on bread. The nutrient content of each food and standard portion size (Andersen et al., 1996) was obtained from a nutrient database based primarily on the Danish Food  Tables (Danish Food Administration, 2000) . The top contributors of ruminant trans fat intake were dairy foods, red meats and animal fats. The top contributors of industrial trans fat intake were shortenings, margarines, microwave popcorn and chips. Nutrient intakes were adjusted for total energy intake using the nutrient residual method (Willett and Stampfer, 1986) . Intakes of multiple foods and nutrients assessed with the FFQ have been validated against 7-day weighed food diaries and blood biomarkers of intake (Mikkelsen et al., 2006 .
Industrially produced trans fatty acids were gradually reduced from the Danish food supply during the study period as a result of voluntarily reductions by food manufacturers in response to impending legislation (effective 1 January 2004), limiting the content of industrial trans fats in foods to less than 2% of fats. Industrial trans fats intake was estimated from measurements of the trans fat content of Danish foods that took place in 1995 (van Poppel, 1998 ), 1999 (Leth et al., 2003 (Bysted et al., 2009 . On the basis of these measurements, trans fat content of most foods was assumed to decrease linearly between 1995 and 2003, margarines were known to be free of trans fats since 1998, and the trans fat content of shortenings was known to be constant between 1998 and 2003. Therefore, food items containing industrial trans fats in the FFQ were assigned a different trans fat content depending on the year the FFQ was completed. The content of trans fats from ruminant sources was measured in 2005 (Jakobsen et al., 2005) and assumed to be constant during the study period.
Assessment of preeclampsia
Preeclampsia diagnosis was obtained through linkage with the Danish National Patient Registry. Preeclampsia was defined as elevated blood pressure (X140/90 mm Hg) and proteinuria (X300 mg/24 h or X1 þ urine dipstick) with onset after 20 weeks gestation that returned to normal before 8 weeks postpartum (ICD10 diagnosis codes DO140, DO141, DO142, DO149, DO150, DO151, DO152 and DO159). Severe preeclampsia was defined as a more severe clinical presentation of preeclampsia (blood pressure X160/110 mm Hg; proteinuria X500 mg/24 h or dipstick 3 þ ; or clinical/paraclinical manifestations of severity such as oliguria, cerebral or visual disturbance, persistent epigastric or right upper quadrant pain, impaired liver function, thrombocytopenia, etc.), diagnosis of HELLP syndrome or eclampsia (ICD10 diagnosis codes DO141, DO142, DO150, DO151, DO152 and DO159). In a validation study comparing registry diagnosis with medical record review in a subgroup of DNBC participants, preeclampsia diagnosis was found to have a specificity of 99% and a sensitivity of 69%, and severe preeclampsia was found to have a specificity of 100% and a sensitivity of 44% (Klemmensen et al., 2007) . The associations of traditional risk factors for preeclampsia with risk of this disease were in the same direction and of similar magnitude for registry-based and medical record reviewbased diagnosis (Klemmensen et al., 2007) .
Assessment of covariates
Data on important covariates was obtained from the first and second telephone interviews. Information on maternal age, pre-pregnancy body mass index, maternal height, maternal education, socio-economic status, cohabitation status and homeownership status was obtained from the first interview. Information on smoking during pregnancy was obtained from the first and second interview.
Statistical analyses
The relative risk of preeclampsia and severe preeclampsia in relation to intake of trans fats was estimated using logistic regression. The generalized estimating equation approach (Fitzmaurice et al., 2004) with an exchangeable working correlation structure, was used to account for the withinwoman correlation in outcomes on different pregnancies. We divided women into five groups according to quintiles of intake of industrial, ruminant and total trans fat intake. In these models, the relative risk was computed as the risk of preeclampsia in a specific quintile of intake compared with the risk in the lowest quintile. Tests for linear trend were conducted by using the median values of intake in each category as a continuous variable.
Multivariate-adjusted models were also fitted to the data to account for potential confounders. We initially fitted a covariate-only model, where all suspected confounders of the association were simultaneously modeled as predictors of preeclampsia. All significant predictors of preeclampsia at Po0.20 in this model were retained in the final multivariate models. In addition, we included terms for total energy intake and age in all models, regardless of their statistical significance. Thus, all multivariate-adjusted models included terms for age, total energy intake, pre-pregnancy body mass index, height, parity, smoking status, education and year of pregnancy.
We examined whether the associations between trans fat and preeclampsia were modified by participant characteristics (age, parity and body mass index) or calendar year by introducing cross-product terms between trans fat intake and the variable of interest. Lastly, we conducted a sensitivity analysis to rule out the possibility that timing of disease diagnosis affected the results. All analyses were conducted in SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
There were 1804 cases of preeclampsia and 402 cases of severe preeclampsia accrued in 67 186 pregnancies among the 63 226 women included in the analysis. Women with a higher intake of trans fatty acids during pregnancy also had slightly higher total energy intake, as well as greater intakes of saturated and mono-unsaturated fats, and lower intakes of protein and carbohydrates, were less likely to engage in recreational physical activity, were less likely to be high school graduates and more likely to be single, to have ever smoked and to have had at least one previous pregnancy (Table 1) . Intake of trans fatty acids decreased slightly during the study period from a mean intake of 2.2 g/day in 1998 to a mean intake of 1.8 g/day in 2003 (P, trend o0.001). This reduction was due to a decrease in industrial trans fat intake. Intake of ruminant trans fats remained stable throughout the study period at approximately 1.6 g/day.
We first evaluated the relationship between second trimester trans fat intake and preeclampsia without regard to severity of the disease (Table 2) . Intake of industrial trans fats was unrelated to preeclampsia in all our analyses. There were inverse relations of ruminant and total trans fat intake with preeclampsia risk in age-and energy-adjusted analyses, but these associations disappeared after adjusting for parity.
We then restricted the case definition to severe preeclampsia. There were no significant relations between second trimester trans fat intake and this outcome (Table 3) . Likewise, there was no evidence that the associations of second trimester trans fat intake with preeclampsia or severe preeclampsia differed according to a woman's age, prepregnancy body mass index, parity or year of pregnancy (Table 4) . Because diet was assessed in gestation week 25 and a diagnosis of preeclampsia can be established starting in gestation week 20, we conducted a sensitivity analysis to exclude the possibility that timing of disease diagnosis affected our results. Among the cases whose date of FFQ completion was available (n ¼ 1616), the median (25th, 75th percentile) time between FFQ completion and diagnosis was 68 (10, 91) days. Trans fat intake remained unrelated to preeclampsia and severe preeclampsia when the analyses were restricted to women whose diagnosis occurred at least 2, 4 or 6 weeks after completing the FFQ (Table 5) .
Discussion
We examined the relationship between second trimester intake of trans fats and risks of preeclampsia and severe preeclampsia in the DNBC and found no evidence of an All models are adjusted for age, total energy intake, pre-pregnancy body mass index, height, parity, smoking status, education and year of pregnancy.
association between trans fats and preeclampsia at the intake levels found in this study. Our findings are in sharp contrast with two previous reports of a strong positive association between erythrocyte levels of trans fatty acids, a biomarker of intake (Sun et al., 2007) , and risk of preeclampsia (Williams et al., 1998; Mahomed et al., 2007) . The difference in the results across studies raises several possibilities for interpretation. Possible interpretations include that trans fat intake during pregnancy is not related to preeclampsia, that this association exists, but only at intake levels that could not be observed in our study due to the low intakes of industrial trans fats in Denmark during the study period, or that differences in study design are responsible for the differences in results. Three studies have previously examined the relation between trans fats and preeclampsia. Williams et al. (1998) compared the trans fatty acid content of erythrocytes from blood samples obtained on the first postpartum day from 22 women, diagnosed with preeclampsia, with 40 normotensive controls in the United States. Women in the highest tertile of erythrocyte trans fatty acids had a 7.4-fold greater odds of preeclampsia compared with women in the lowest tertile (Williams et al., 1998) . A second study from this group (Mahomed et al., 2007) used a similar methodology and enrolled 170 women diagnosed with preeclampsia and 185 normotensive controls from a maternity hospital in Zimbabwe. The odds ratio (95% confidence interval) comparing top to bottom quartile with total erythrocyte trans fatty acids in this study was 3.39 (1.60, 7.17) (Mahomed et al., 2007) . It should be noted that in both studies, blood samples were drawn postpartum, raising the possibility that the higher erythrocyte trans fat levels observed in cases are a consequence of preeclampsia rather than a cause.
The third study was a prospective pregnancy cohort, which examined first trimester intake of trans fats assessed with an FFQ in relation to subsequent risk of preeclampsia (Oken et al., 2007) . Intake of trans fats was unrelated to preeclampsia in this study as in the present study. The mean intake of trans fats in this study (2.1 g/day) was very similar to the average intake in the DNBC at the beginning of the recruitment period. An important limitation of this third study is its size. The cohort consisted of 1718 women, 59 of whom developed preeclampsia. This substantially limited its statistical power to detect an association between trans fats and preeclampsia, even if it truly exists.
Our study does not completely clarify whether a relation between trans fats and preeclampsia truly exists. Despite the strengths of our study, there are some limitations that precluded us from settling this question. The major strengths of this study are its size and quality of data. The DNBC is the largest pregnancy and birth cohort that has collected comprehensive dietary information with a validated instrument before the typical onset of preeclampsia. Thus, our study is the largest one so far examining the association between trans fats and preeclampsia. A related strength was the availability of multiple measurements of the trans fat content of Danish foods during the study period, which allowed us to take into account the secular changes in food content of these fats. Another major advantage was our ability to retrieve preeclampsia diagnoses from the national disease registry, and a detailed validation study indicating that this registry has a high specificity and positive predictive value for diagnosis of preeclampsia and severe preeclampsia (Klemmensen et al., 2007) . However, registrybased diagnosis has only a moderate sensitivity. The effect that moderate sensitivity may have on the results depends on whether the misclassification of the disease status was differential or non-differential with respect to intake of trans fatty acids; non-differential misclassification leads to attenuation of the observed association, whereas differential misclassification may bias effect estimates in any direction. We do not have dietary intake data among the subgroup of women who were included in the validation study. Thus, it is not possible to know whether misclassification of preeclampsia is differential or not, with respect to trans fat intake. Nevertheless, we know from the validation study that misclassification of preeclampsia diagnosis is non-differential with respect to established risk factors for this disease (Klemmensen et al., 2007) , including factors strongly associated with trans fat intake in this study (smoking and parity). Hence, although we cannot completely rule out the possibility of differential misclassification of preeclampsia diagnosis, the data from our validation study suggest that the most likely scenario is that misclassification was nondifferential. Therefore, the most important consequence of the moderate sensitivity of registry diagnosis was loss of statistical power that, given the size of the study, may not have affected the results to a large extent.
A potential limitation of our study is that diet was assessed in gestation week 25. Although the pathogenesis of preeclampsia is not clear, early placentation events may be initiators of this condition (Goldman-Wohl and Yagel, 2009 ). Therefore, it is possible that we did not assess intake at the etiologically relevant period. However, others have found that the overall composition of diet in general and intake of trans fats in particular, change very little between the first and second trimester of pregnancy (Rifas-Shiman et al., 2006) , suggesting that this weakness may not have influenced our results greatly. A related limitation is that, as preeclampsia is defined by onset of hypertension and proteinuria after gestation week 20, it is possible that some women experienced preeclampsia before completing the FFQ. Nevertheless, in the majority of cases, the onset of preeclampsia symptoms is near term (Lain and Roberts, 2002) . Moreover, our sensitivity analysis suggested that timing of disease diagnosis relative to FFQ completion was not an important limitation of our study.
Another important limitation of our study is the narrow intake range for industrial trans fats in this population. This situation made it impossible to distinguish from our data whether trans fat intake truly is unrelated to preeclampsia or whether it is related to this condition, but only at intake levels that could not be observed in our study. To resolve this question, further research is necessary in populations that remain exposed to large amounts of industrial trans fats in their food supply. Answering this question has major public health implications. Although many developed nations have implemented multiple strategies to decrease or eliminate industrial trans fats from the food supply, the trans fatty acid content of cooking fats in developing regions of the world, where the burden of preeclampsia is greatest (Khan et al., 2006) , remains unnecessarily high (L'Abbe et al., 2009). If future investigations fail to replicate the results of the biomarker-based studies, it would be important to understand whether preeclampsia induces changes in fatty acid metabolism that could explain the results of these studies. Contrariwise, if future investigations find a relation between intake of trans fats at higher levels than those observed in this study and preeclampsia, our data would provide an additional argument for the elimination of these fats from the food supply.
In summary, we did not find evidence that, within the range of observed intake, trans fats are related to preeclampsia or severe preeclampsia. Our data is in conflict with two previous biomarker-based studies, leaving a question open of whether these fats are truly unrelated to preeclampsia or whether an association exists at greater intake levels. Answering this question could have important implications for the prevention of preeclampsia, a major contributor to maternal mortality worldwide.
